The patterns of immobilization of cefepime hydrochloride on glauconite at a temperature of 295 K are established. The isotherm of sorption of cefepime hydrochloride from dilute solutions is described using the Langmuir theory. The values of the maximum capacity of the monolayer and the coeffi cient of the sorption equilibrium for cefepime hydrochloride are calculated. It is revealed that the monolayer binding of the antibiotic to glauconite is the result of an equivalent exchange with the extra-frame cations of the sorbent. The polymolecular nature of the sorption may be due to the formation of cefepime hydrochloride associates due to hydrogen bonds.
INTRODUCTION
The studies of the pharmacological direction [1] [2] [3] [4] [5] presented in the literature on the immobilization of biologically active substances on natural sorbents indicate an increased interest in studying the properties of enterosorbents based on aluminosilicates which can be used as effective carriers of prolonged action pharmaceutical preparations. Among natural aluminosilicates, glauconite, a sorbent with layered structure, developed surface, high adsorption capacity, and possibility of chemical modifi cation [6, 7] can be considered promising for use in medicine and biotechnology. One of the groups of drugs -antibiotics are cephalosporins of the 4th generation. Included in this group cefepim is characterized by a wide spectrum of action, low toxicity, favorable pharmacinetics, compatibility with other antibacterial agents and is widely used for the treatment of severe infections in clinical therapy [8, 9] .
The aim of this work was to study the sorption ability of glauconite with respect to cefepime hydrochloride.
EXPERIMENT
The object of the study was chosen a clayey layered mineral -glauconite, deposits of the southwest of the Voronezh anteclise [10] . The phase com-Tatiana A. Krysanova, e-mail: takrys@yandex.ru position of the studied glauconite is represented by alternating-layer mineral (ALM) of the illis-smectite (I-S) series with a layer ratio of 20:80, as well as 50:50 (swelling component). The elemental analysis of the sorbent (Table 1) indicates the presence of water molecules and exchange cations K + , Mg 2+ , and Ca 2+ in the interlayer space. The total pore volume is 0.31 cm 3 /g, and the average pore diameter is 5.7 nm [11] .
We used the antibiotic -cefepime hydrochloride (1-[[7-[[(2-amino-4-thiazolyl) (methoxyimino )acetyl]amino] -2 -carboxy -8 -oxo -5 -thia -1azabicyclo [4.2.0]oct-2-en-3-yl]methyl]-1-methylpyrrolidinium hydrochloride) by Hightechhealthcare (India). The structural formula of cefepime is shown in Fig. 1 .
Sorption equilibrium in the system glauconite (fraction 0.02-0.04 mm) -aqueous solution of cefepime hydrochloride was studied at a temperature of 295 K under static conditions by the method of variable concentrations [12] . The interval of antibiotic concentrations used was 0.05-4.0 mmol/l. A weighed portion of the sorbent weighing 0.10 ± 0.0002 g in an air-dry state was brought into contact with 200.0 ml of an aqueous solution of the preparation of the known concentration and kept under constant stirring for 2 hours at a given temperature. The time to establish equilibrium in the studied system was determined from the preli minary kinetic experiment. The sorption of the antibio tic was carried out from solutions with pH = 4.2, in which cefepime was present in the solution mainly in the form of a cation.
The equilibrium phases were separated by fi ltration, the fi ltrate was analyzed for antibiotic content by means of a spectrophotometric method on the Shimadzu UV-1800 spectrophotometer under the analytical wavelength of l = 257 nm (e = 7951 l/(mol· cm), Sr = 0.003). The amount of the sorbed preparation was determined by means of difference in the solution concentrations before and after contact with the sorbent. The content of K + ions in the equilibrium solution was determined by means of fl ame photometry (error 2.0%), Ca 2+ and Mg 2+ ions by means of complexometry (error 0.4 %). The experimental results were processed by means of mathematical statistics with a confi dence coeffi cient of 0.95. IR spectra of glauconite before and after contact with the aqueous solution of cefepime hydrochloride were recorded on the Bruker Equinox 55 spect rometer with Fourier transform in the diffusion refl ection mode in the frequency range 400-4000 cm -1 with a resolution of 4 cm -1 at a temperature of 298 K. The method error is 3 %. The literature [13, 14] was used to interpret the obtained IR spectra.
RESULTS AND DISCUSSION
The immobilization of biologically active substances (in particular, antibiotics) on aluminosilicates is a complex specifi c process, including both the possibility of ion exchange of extra-frame cations with antibiotic cations, and the appearance of additional polymolecular interactions in the system. The interfacial distribution of cefepime hydrochlo-ride in the system glauconite -aqueous solution of antibiotic is shown in Fig. 2 .
According to the IUPAC nomenclature, isotherms can be attributed to type IV, according to Giles classifi cation, they correspond to the S-form [15] , which indicates the multilayer nature of the antibiotic fi xation on glauconite.
When the drug is sorbed from dilute solutions (less than 0.8 mmol/l), the nature of the isotherm is linear. Then a plateau is observed, which suggests a monolayer fi xation of the antibiotic on the active groups of glauconite, which are the electronegative centers of the alumina-oxygen frame of the sorbent [16] . The amount of monolayer-fi xed cefepime is equivalent to the total amount of extra-frame cations (K + , Ca 2+ and Mg 2+ ) transferred to 
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Original articles the equilibrium solution. Consequently, the formation of a monomolecular layer proceeds in accordance with the equivalent exchange mechanism. The К + -ion, which is the predominant off-frame cation of glauconite plays the main role in the ion exchange [11] .
The sorption of cefepime hydrochloride on glauconite is characterized by the appearance of additional absorption bands on the IR spectrum of the sorbent and the shift of the maxima of the main absorption bands. The fi xation of cefepime on the active centers of glauconite in accordance with the mechanism of equivalent exchange with extraframe metal cations is manifested in the shift in the frequencies of stretching vibrations corresponding to Si -O -(Al) groups of glauconite (1106 → 1062 and 1022 → 1010 cm -1 ) and NH-antibiotic groups (1543 → 1520) to the low frequency area of the spectrum compared with the oscillation frequency in the spectra of the initial sorbent and pure antibiotic. The presence of sorbed cefepime in the IR spectrum while maintaining its biological activity is also manifested in the appearance of an absorption band at 1774 cm -1 , corresponding to vibrations of the group C=O in the b-lactam ring of the antibiotic [13, 14] .
After the formation of the monolayer, with an increase in the solution concentration of the antibiotic to above 2.0 mmol/l, a sharp increase in the sorption parameter is observed without changing the ion-exchange component of the sorption process. The maximum sorption capacity of the sorbent for cefepime equal to 0.26 mmol/g (126 mg/g) was revealed. Probably, adsorbing on the negative centers of the glauconite framework, the cefepime ions become new sorption centers for the next lay-ers of the antibiotic. Multilayer sorption of cefepime is possible as a result of the formation of its associates due to hydrogen bonds [15] .
In the IR spectrum of the sorbent containing the antibiotic, absorption bands are observed in the 1380 and 1675 cm -1 areas, which are responsible for the symmetric and asymmetric stretching vibrations of the COO-group participating in the formation of the hydrogen bond. The formation of associates due to the hydrogen bond is also indicated by the shift to the low-frequency area of the absorption bands at 3070 and 1520 cm -1 , which are responsible for stretching and deformation vibrations of the NH group.
To determine the quantitative characteristics of the sorption of the antibiotic on glauconite in the concentration range responsible for the formation of the monolayer of the preparation, Langmuir, Freind lich, and Redlich-Peterson models were used [17] [18] [19] . To determine the values of the constants included in the equations of the Langmuir and Freindlich isotherms, linearized equations of these models were used. The values of the parameters included in the equations of the models and the correlation coeffi cients are presented in Table 2 .
The obtained values of the correlation coefficients (R 2 ) indicate that the sorption of cefepime as a result of equivalent exchange with extra-frame cations is most likely described by the Langmuir equation. The applicability of the model in this case indicates the equivalence of the active centers and the uniformity of the surface of glauconite. The value of the parameter b in the Redlich-Peterson equation is close to 1, which confi rms that the sorption of the antibiotic from the diluted solutions proceeds according to the Langmuir mechanism. The equilibrium distribution coeffi cient that determines the selectivity of glauconite to the antibiotic in the entire range of the studied solution concentrations (Fig. 3) was calculated.
In the initial section of the curve, when the monolayer is formed, a sharp decrease in the distribution coeffi cient is observed, and then its values practically do not change. Decrease in the distribution coeffi cient with increasing concentration may be due to additional interactions in the system studied, leading to steric restrictions [20] .
CONCLUSION
The patterns of sorption of cefepime hydrochloride on glauconite at a temperature of 295 K have been revealed. It is shown that the monolayer binding of the antibiotic to glauconite occurs as a result of equivalent exchange with extra-frame cations of the sorbent, and the polymolecular nature of sorption is associated with the formation of cefepime hydrochloride associates due to hydrogen bonds. It has been revealed that the sorption of the antibiotic from dilute solutions is described by the Langmuir model with maximum probability. The sorption parameters have been calculated using the linearized Langmuir, Freindlich, Redlich-Peterson equations and the equilibrium distribution coeffi cient.
